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Semiconductor quantum dots in cavities are high-performance single-photon
sources [1–3]. Thus far the most efficient sources utilise resonant excitation of an
unpolarized quantum emitter coupled to a highly birefringent cavity [4]. However,
this demands very high polarization extinction, and challenging experimental opera-
tion [5]. Here, we remove these requirements by using off-resonant phonon-assisted
excitation [6–11] of a linear exciton dipole [12], exploiting the quantum dot’s vibra-
tional environment and natural asymmetry. This allows the collection of single photons
that are spectrally separated from the excitation laser, and intrinsically present a very
high degree of linear polarization up to 0.994 ± 0.007. This phonon-assisted excita-
tion scheme enables very high single-photon purity and indistinguishability, and only
reduces the emitter population by (15 ± 1) %, as compared to resonant excitation.
Overall, we simultaneously demonstrate a polarized first lens brightness of 0.51 ± 0.01,
with a single-photon purity of 0.939 ± 0.001 and corrected single-photon indistinguisha-
bility of 0.915 ± 0.003.
The path towards an optimal single-photon source re-
quires finding a scheme in which single photons are gen-
erated in a well-defined spatial and polarization mode,
with near-unity efficiency, purity and indistinguishability.
A device with these properties is highly sought-after for
the advancement of quantum technologies such as secure
long-distance quantum communication [13] and quantum
computing [14–16]. Several platforms towards optimised
single-photon sources are being developed, including
spontaneous parametric down-conversion (SPDC) [17–
19] and four-wave mixing (FWM) [20, 21]. These non-
linear optical sources have an intrinsic efficiency limi-
tation, and various multiplexing schemes are currently
being explored to overcome this [21–25]. Sources based
on semiconductor quantum dots (QDs) in microcavities
have recently shown their capability to deliver high pu-
rity, indistinguishable single photons with record bright-
ness [1, 2, 4, 26]. With an efficiency per photon more
than one order of magnitude higher than sources based
on frequency conversion, QD sources have already al-
lowed a spectacular scaling up of optical quantum com-
puting [27].
Despite this impressive progress, current QD sources
are still far from the ideal deterministic performance that
would provide a pure single photon on demand. More-
over, their operation remains challenging, thus limiting
their widespread use. A useful metric to quantify the per-
formance of QD sources is the brightness, or the probabil-
ity to collect a single photon after each excitation pulse.
This is measured either at the first collection lens (first-
lens brightness, BFL) or at the output of the single-mode
collection fiber into which the emitted single photons are
coupled (fibered brightness, BSMF). Many parameters
affect the brightness of QD sources, including the prob-
ability of populating the excited quantum dot state, the
design scheme of the cavity into which the QD is embed-
ded and its Purcell factor, and the excitation scheme that
is used. Crucially, the generation of highly indistinguish-
able single photons previously required a resonant excita-
tion scheme, where the single photons are separated from
the excitation laser via polarization filtering. This cross-
polarization scheme demands a high degree of polariza-
tion extinction [5], and, in the absence of birefringence,
reduces the brightness of the single-photon source by a
factor of two – significantly limiting the maximum bright-
ness that can be achieved. Recently, this brightness limi-
tation was overcome by making use of a highly polarized
Purcell effect [4]. A charged exciton state in a quantum
dot (which inherently emits unpolarized photons) was
coupled to a highly polarized cavity, such that the accel-
eration of spontaneous emission favours the emission into
one linear polarization [4]. A record first lens brightness,
BFL = 0.60, was achieved using this method. However,
the larger the cavity birefringence, the higher the num-
ber of incoming photons required to efficiently excite the
quantum emitter, and therefore an even higher degree of
polarization filtering is required.
Here, we propose an alternative method to achieve a
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FIG. 1. Proposed scheme for high-efficiency linearly
polarized single photon source. (a) Energy level struc-
ture of a neutrally charged quantum dot, with ground state |g〉
and two exciton eigenstates |X〉 and |Y 〉, separated in energy
by the fine structure splitting ∆FSS. The longitudinal acous-
tic (LA) phonon assisted excitation scheme uses an excitation
pulse blue-detuned from the main transition by an energy of
∆LA, or equivalently detuned in wavelength by ∆λ, and is
aligned in polarization along one of the dipoles. The phonon-
assisted excitation process results in a high occupation of the
|X〉 exciton that recombines by emitting co-polarized single
photons. (b) Schematic of the experimental setup - see de-
tails in the text. (c) Polar plot of the cross-polarized emis-
sion intensity measured under phonon-assisted excitation as
a function of the incident polarization angle.
bright source of polarized, indistinguishable single pho-
tons. This method removes the need for polarization fil-
tering without requiring polarized cavities, hence increas-
ing the source brightness by a factor of almost two. We
use near-resonant phonon-assisted excitation [6–11] of a
single linear dipole in a neutrally-charged quantum dot,
which inherently emits polarized single photons. The co-
polarized, off-resonant excitation laser is instead sepa-
rated from the single-photon emission via spectral filter-
ing.
We exploit the optical selection rules of a neutral In-
GaAs QD to directly generate linearly polarized single
photons by exciting and collecting in the same polar-
ization configuration. Neutral QDs present a three-level
structure, as shown in Fig. 1(a), where the two exci-
tonic eigenstates, labelled X and Y , are separated by
the anisotropic exchange splitting, or fine structure split-
ting ∆FSS, due to the Coulomb exchange interaction and
asymmetry of the QD [12]. We study two samples, here-
after referred to as Sample A and B, each of which contain
several devices consisting of a QD deterministically lo-
cated at the center of an electrically connected micropil-
lar cavity [1]. The quality factor of the cavities on Sample
A (B) is around 4000 (10000), and the cavities are almost
circular: they exhibit only a small degree of polarization,
with two linearly-polarized cavity modes typically sepa-
rated by ≈ 70 µeV ( ≈ 30 µeV), which is much smaller
than the cavity linewidth of ≈ 300 µeV (≈ 150 µeV).
These devices have been shown to provide reproducible,
high-performance single-photon generation under strictly
resonant excitation [1, 28]. However, the use of resonant
excitation in a cross-polarization configuration reduces
the maximum collection efficiency by a factor of two and,
for neutral excitons, it reduces the overall brightness even
further as the cross-polarized single-photon emission also
depends on the angle between the exciton and the cavity
axes [28].
We use a longitudinal acoustic (LA) phonon-assisted
excitation to overcome this limit. This approach was re-
cently proposed theoretically [6, 8–10] and explored ex-
perimentally for QD in bulk samples [7, 11]. The exci-
tation laser is blue-detuned from the QD transition by
approximately 0.6 nm, corresponding to a phonon en-
ergy of around 1 meV, and the pump laser is then sepa-
rated from the single-photon emission via commercially-
available spectral filters (see Fig. 1(b)). Not only does
this remove the need for cross-polarization to filter out
the excitation laser, but it also gives us the freedom to ex-
cite, and collect the QD emission along any polarization
axes. If we excite the quantum dot with linearly polar-
ized light that is orthogonal to the axis of one excitonic
dipole, say Y , then the system reduces to an effective
two-level system, {|g〉, |X〉}, and the quantum dot will
emit an X-polarized photon.
To study the performance of a polarized single pho-
ton source based on the LA-phonon-assisted excitation
of a linear dipole, we measure the degree of polarization,
single-photon purity, and indistinguishability of the col-
lected light. We set the detuning of the excitation pulse
to be ∆λ=0.6 nm blue-detuned from resonance of a neu-
tral QD on Sample A, with a pulse duration of 19 ps
(for more experimental details, see Methods). To find
the orientation of the linear dipoles, we add an orthogo-
nal polarizer to the output and measure the intensity of
the cross-polarized single-photon emission as a function
of the angle of excitation, and we see in Fig. 1(c) that
the two dipoles are very close to orthogonal. We align
the polarization of the excitation light to be orthogonal
to one dipole, say Y , such that we only excite dipole
X. The selection rules of the neutral exciton ensure that
the emitted light is linearly polarized along X – a key
feature of our approach. We measure the spectrum of
the light when collecting parallel or orthogonal to the
X polarization direction, as shown in see Fig. 2(a). By
considering the integrated intensity measured in parallel
(crossed) polarization I‖ (I⊥), we find a degree of linear
polarization, DLP =
I‖−I⊥
I‖+I⊥
= 0.994 ± 0.007. This polar-
ization degree significantly exceeds what is accessible us-
ing polarized Purcell effect in asymmetric cavities, with
reported values of 0.93 in optimized structures [4] – a
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FIG. 2. Polarization, purity and indistinguishability
under phonon-assisted excitation. (a) Spectrum of the
emitted photons when exciting only the X dipole of a neu-
tral exciton and collecting in the parallel (blue) or orthogo-
nal (red) basis, plotted on a log scale. The off-resonant LA-
phonon-assisted excitation is detuned by ∆λ=0.6 nm and has
a pulse duration of 19 ps. (b) Comparison of the measured
g(2)(0) (blue) and HOM interference (red) for the LA-phonon
and RF excitation schemes. The g(2)(0) data is offset horizon-
tally by 2 ns for clarity. For LA-phonon-assisted excitation
the laser is detuned by ∆λ = 0.6 nm from resonance. For
both schemes, the pulse has a duration of τ = 19 ps, and the
power (pulse area) is chosen to maximise the emitted photon
rate. The corresponding power (pulse area) used to excite
in LA is approximately 100 (10) times higher than the RF pi
pulse.
limitation that arises from a compromise between reduc-
ing the cavity linewidth (to obtain large cavity splitting
to linewidth ratios), and remaining in the weak coupling
regime.
With the current approach, there is no fundamen-
tal limit to the degree of polarization that could be
reached. Even if the two linear dipoles present a slight
non-orthogonality, which arises when the quantum dot
shape and strain anisotropies do not coincide [29, 30],
it is always possible to excite a single dipole by align-
ing the excitation light to be orthogonal to the other
dipole axis. Note that a fully symmetric quantum dot
with no fine structure splitting would also provide per-
fect linear polarization if excited via linearly-polarized
off-resonant excitation. We measured the degree of po-
larization, DLP, for three different exciton-based devices
on Sample A (Device A1, A2 and A3), and the results are
shown in Table I. We observe a slight variation in DLP for
the different devices, but for all three we measure a high
degree of polarization, DLP > 0.97. We could simply add
a polarizer to obtain completely polarized light, which is
a process that can work with an efficiency of 12 (1+DLP),
therefore with a loss in brightness of at most 1.5%.
Device Degree of polarization, DLP
A1 0.994± 0.007
A2 0.981± 0.004
A3 0.971± 0.001
TABLE I. Degree of linear polarization for three
neutral-exciton based sources on Sample A.
We next investigate the single-photon purity and in-
distinguishability of the collected photons using the LA-
phonon-assisted excitation scheme. We measure the
second-order autocorrelation, g(2)(0), and the Hong-Ou-
Mandel interference visibility, VHOM, for various ex-
citation conditions, and typical results are shown in
Fig. 2(b) (see Methods for more details). Here, we ob-
serve g(2)(0) = 0.057± 0.001 and VHOM = 0.810± 0.004,
from which we extract a single-photon purity of P =
1 − g(2)(0) = 0.943 ± 0.001 and a single-photon mean
wavepacket overlap [31] of Ms = 0.920±0.005 (see Meth-
ods). As a comparison, the same measurements are per-
formed in the standard resonance fluorescence (RF) ex-
citation scheme, rejecting the laser component via cross
polarization. In this case, the polarization of the ex-
citation pulse is aligned along one of the cavity axes
and the laser excites a combination of both X and Y
optical transitions [28]. At pi-pulse excitation, we mea-
sure g(2)(0)=0.011±0.001, and Ms = 0.915±0.001, show-
ing that the indistinguishability under the LA-phonon-
assisted excitation scheme is the same to that obtained
from resonant excitation. The higher g(2)(0) in the LA-
phonon-assisted excitation scheme is most likely due to
re-excitation of the QD for the pulse duration of 19 ps
used here – a process which is reduced when exciting
resonantly in a cross-polarized set-up due to the de-
lay in emission into the orthogonal polarization [28] (for
more details see the Supplementary Material). Note that
these values further improve to g(2)(0)=0.011±0.001 and
Ms = 0.948±0.001 for the LA assisted excitation and
to g(2)(0)=0.009±0.001, and Ms = 0.962±0.004 for RF
excitation when adding an additional 10 pm bandwidth
etalon in the collection path. This additional spectral
filtering reduces the phonon sideband emission, as well
as any extra spectrally-broader photons occurring from
4FIG. 3. Efficiency of the phonon-assisted excitation
scheme. Measured relative emission intensity for a charged
exciton collected in cross-polarization for resonance fluores-
cence (RF) and LA-phonon-assisted excitation at various de-
tunings ∆λ. The error bars are within the size of the plotted
points. The emission intensity is normalized to the maximum
achieved under resonant excitation to allow comparison of the
relative occupation probability between the two schemes - see
text for details. The solid lines give the theoretical prediction
based on the model in [10].
re-excitation, thus improving the single-photon purity
and indistinguishability for both excitation schemes [32].
Note that the etalon is not used in the following since
since it shows limited transmission at the quantum dot
emission frequency and reduces the brightness by more
than 50%.
In order to test the efficacy of our scheme to obtain
bright emission of polarized single photons, we investi-
gate count rates and source brightness under LA-phonon-
assisted excitation with respect to resonant excitation.
The brightness of a QD source is determined by a subtle
combination of many parameters. Firstly, pQD, quanti-
fies the occupation probability of the exciton state of the
quantum dot at the end of the excitation pulse. Consid-
ering the near unity quantum efficiency of quantum dot
optical transitions, it also reflects the probability that one
photon is emitted by the QD per pulse. In practice, pQD
can be reduced by blinking phenomena or imperfect pop-
ulation inversion [33]. Secondly, the extraction efficiency
ηext is determined by two factors. On one hand, the QD
emits a single photon into the cavity mode with probabil-
ity β = FP /(FP +γ), (where FP is the Purcell factor into
the mode, and γ is the emission rate into all other modes
normalized to the nominal rate). On the other hand,
the out-coupling efficiency ηout then gives the probability
that a photon exits the desired cavity mode and reaches
the collection lens. Accordingly, ηext = β ηout. Finally,
the polarization efficiency ηpol describes the fraction of
polarized single photon emission that can be collected in
a given scheme. The polarized first lens brightness is thus
BFL,pol = β ηout pQD ηpol.
In our system the extraction efficiency ηext = βηout ≈
0.65 − 0.7, independent of the excitation scheme. For
RF excitation in a mostly unpolarized cavity, one ob-
tains a polarization efficiency of ηpol < 0.5, whereas for
the phonon-assisted excitation, it is ηpol =
1
2 (1 + DLP),
and can be as high as 0.997 as demonstrated above. In
order to compare the reachable brightness of the two
schemes, it is critical to be able to compare the relative
occupation probabilities pRFQD and p
LA
QD obtained through
resonant or phonon-assisted excitation. However, such
direct comparison is not experimentally accessible since
the exciton two-level system, {|g〉, |X〉} only emits single
photons parallely polarized to the excitation. Exciting a
combination of the two exciton states instead (which is
necessary for RF excitation) would result in a complex
excitation/emission dynamics within the three level sys-
tem {|g〉, |X〉, |Y 〉} [28] that is expected to significantly
modify the phonon-assisted excitation process and can-
not be compared to the case of a two-level system [8]. As
a result, to compare the efficiency of the two excitation
schemes, we use a charged exciton, which consists of a
four-level system that effectively act as a two-level sys-
tem when collecting the emission in cross-polarization.
We therefore measure the emission of a charged QD
on Sample B in cross-polarization by adding a linear
polarizer in the detection line to collect only the cross-
polarized single-photon emission, such that ηpol = 0.5 in
both schemes. Fig. 3(a) presents the single-photon counts
detected under strictly resonant excitation (black) and
using LA-phonon-assisted excitation for a pulse duration
of 19 ps and various laser detunings as a function of the
pulse area experienced by the quantum dot. The pulse
area is proportional to the square root of the intra-cavity
power, which is less than the incident power sent to the
sample due to the cavity filtering when the laser energy is
detuned from the cavity resonance. The resonant excita-
tion data exhibits well-known Rabi oscillations reflecting
the coherent control of the optical transition. Conversely,
the LA-phonon-assisted excitation scheme does not show
oscillations but a single rise and then slow decrease of the
signal. Fig. 3(b) shows the theoretical predictions based
on the model presented in [10] for the parameters corre-
sponding to our experimental situation, and the theory
and experiment are in good agreement. From these mea-
surements, we observe that the maximum occupation us-
ing LA-phonon-assisted excitation, as compared to the
resonant case, is as large as pLAQD/p
RF
QD = 0.85 ± 0.01.
The use of phonon-assisted excitation should then re-
duce the occupation probability by only 15% compared
to resonant excitation, while allowing a factor of 2 in the
increase of ηpol when implemented on a linear exciton
dipole.
We now return to the phonon-assisted excitation of a
neutral exciton (Device A3), and characterize its perfor-
mance as a polarized single-photon source. We investi-
gate how the polarized brightness, single-photon purity
and indistinguishability depend on the detuning, ∆λ, and
the pulse duration of the excitation laser, τ . For each set
of parameters, we adjust the excitation power to reach
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FIG. 4. Source Performance (a) The first lens brightness,
BFL, (b) the second-order autocorrelation g(2)(0), and (c) the
single-photon indistinguishability, Ms, as a function of the
detuning (∆λ) and pulse duration (τ) of LA-phonon-assisted
excitation. For each point, the values are obtained for a power
maximizing the occupation probability. The legend in (b)
corresponds to all three plots.
maximum brightness. In order to evaluate the first lens
brightness, BFL, under co-polarized LA-phonon-assisted
excitation, we precisely calibrate all losses and the detec-
tor efficiency of our experimental setup, see Supplemen-
tary Material for a detailed loss budget. Fig. 4(a) evi-
dences values of first-lens brightness, BFL, systematically
exceeding 0.4 and reaching a value as high as 0.51±0.01,
very close to the recent record value of 0.60 [4]. If we con-
sider the extraction efficiency ηext = βηout ≈ 0.65 − 0.7,
and the ratio pLAQD/p
RF
QD = 0.85± 0.01, we expect a maxi-
mal brightness BFL . 0.55− 0.59, similar to our experi-
mental observations.
Fig. 4(a) shows that the use of longer pulses and
smaller detunings allows us to reach a higher first-lens
brightness. Longer pulses however slightly reduce the
single photon purity because of re-excitation, as shown
in Fig. 4(b). Fig. 4(c) shows that the extracted single-
photon indistinguishability (corrected for a non-zero
g(2)(0) [31]) is maintained approximately constant for all
detunings and pulse lengths. For a detuning of 0.4 nm
and a pulse duration of 22 ps we obtain a first-lens bright-
ness of BFL = 0.51 ± 0.01, with g(2)(0) = 0.061 ± 0.001,
Ms = 0.915 ± 0.003. This is more than a factor of two
greater than the first lens brightness of this sample under
resonant excitation using cross-polarization [28]. This
corresponds to a detected count rate of 6 MHz using a
69% efficient single photon detector and a laser repetition
rate of 81 MHz, which could be significantly improved by
reducing the optical losses of our experimental set-up and
using higher transmission spectral filters.
The maximum occupation probability reached through
phonon-assisted excitation depends both on the detun-
ing and on pulse length [10], as shown theoretically in
the Supplementary Material. More precisely, it depends
on the ratio of the excitation pulse duration to the life-
time of the two-level system, and for long enough pulses
compared to the transition lifetime, the maximum oc-
cupancy has little dependence on the detuning. This is
the case for the measurements shown in Fig. 3 that were
obtained on Sample B presenting a higher Purcell factor,
hence reduced lifetime. In contrast, in Fig. 4 we explored
neutral excitons in Sample A which present lower Pur-
cell factors, and we observed a slight dependence with
detuning for our limited region of pulse lengths. The use
of narrower spectral filtering, which would enable smaller
detunings to become achievable, would allow for higher
occupation probabilities to be reached. This analysis also
shows that our next challenge for increasing the source
brightness will be to optimize the cavity design to have
a high Purcell factor combined with an improved extrac-
tion efficiency.
Finally, the single-photon purity in the present scheme,
as in the scheme presented in ref. [26], is limited by re-
excitation. However, it is theoretically predicted that
phonon-assisted excitation should enhance the single-
photon purity as compared to resonant excitation, since
the phonon-induced relaxation process leads to a delay
in photon emission and hence suppresses the probabil-
ity of re-excitaiton [9]. This suppression should become
more significant when the lifetime of the quantum dot is
comparable to the phonon-relaxation timescale. By ex-
ploring the large parameter space of available detunings,
pulse durations, and Purcell factors to adjust the optimal
QD emission lifetimes, it may be possible to achieve sig-
nificantly higher single-photon purity under LA-phonon-
assisted excitation.
In conclusion, we have reported on a new approach to
bring QD-based sources of polarized, indistinguishable
single photons closer to deterministic operation. This
method relies on the very general property that neutral
excitons in quantum dots naturally present linear polar-
ization. Remarkably, this approach turns longitudinal
acoustic phonons into a resource to increase the source
efficiency, while still maintaining the high values of pu-
rity and indistinguishability obtained via resonant exci-
tation. In the present work, we could obtain a first lens
brightness of 0.51 ± 0.01, more than a factor of two in-
crease as compared to the best value measured on the
same sample using resonant excitation [28]. Furthermore,
by replacing the sensitive polarization filtering required
6for resonant excitation with simpler spectral filtering the
source performance gains in stability and robustness, as
the proposed mechanism is resilient to drifts in QD-laser
detuning and excitation power. All these features are of
great importance for practical applications in quantum
technologies. Another attractive feature of the present
approach lies in the use of unpolarized cavities and the
possibility of exciting and collecting the photons in all po-
larization directions. This makes it a good candidate to
fully exploit the optical transition rules of charged exci-
tons for the realization of spin-photon entanglement and
photonic cluster state generation [34].
METHODS
Experimental Set-up. To excite the QD via LA-assisted
excitation we require a pulse that is blue-detuned from the QD
resonance by 0.4 − 0.8 nm. We start with a 3 ps pulsed Ti-
Sapphire laser with a central wavelength around 924 nm and
a 81 MHz repetition rate. The laser spectrum is shaped using
a 4-f filtering system to obtain pulses with tunable temporal
length from 3 ps to 22 ps and negligible spectral overlap with
the QD emission at 924.82 nm. The co-linearly polarized sin-
gle photons are collected with a non-polarizing beam-splitter
transmitting 90% of the light (see Fig. 1.c). Three high-
transmission (∼ 95% each), 0.8 nm FWHM, high-extinction
band-pass filters (Alluxa) separate the single photons from
the excitation laser. A half and quarter waveplate are used to
precisely align the polarization along the exciton axis (X or
Y ) inside the cavity. Superconducting nanowire single photon
detectors (SNSPDs) with 25-30 ps timing jitter and an effi-
ciency of 75% at low count rates, and 69% at the maximum
measured count rate, are used to record the time dependence
of the emission and the second order intensity correlations.
Single-photon purity and indistinguishability. To
measure the single-photon purity we use a Hanbury Brown-
Twiss set-up, where the collected photons from a source are
incident on a 50:50 beam splitter and correlations between the
two outputs are measured. The proportion of coincident clicks
at zero time delay compared to the uncorrelated peaks gives
the second-order autocorrelation, g(2)(0), which is related to
the single-photon purity P = 1− g(2)(0). To measure the in-
distinguishability of the output we perform Hong-Ou-Mandel
interference between subsequently emitted photons from the
source. The photon train is separated at a beam splitter and
one arm is delayed by the pulse separation time. Two subse-
quently emitted photons are simultaneously incident at a sec-
ond beam splitter, and undergo quantum interference. The
visibility of this interference, VHOM, together with the second-
order autocorrelation of the input, g(2)(0), gives access to the
indistinguishability of the single-photon component of each
wavepacket, Ms, via Ms = (VHOM+g
(2)(0))/(1−g(2)(0)) [31].
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8Supplementary Material
Expected Brightness of LA-assisted excitation
A detailed theoretical model for estimating the efficiency of LA-phonon-assisted excitation is given in [10]. We apply this
model with the relevant experimental parameters in order to understand how the brightness of the polarized single photon
source depends on the detuning and pulse duration of the excitation pulse.
The results of the simulation are given in Fig. S.1, and show the maximum occupation probability, pQD, maximised over
excitation power, for a given detuning and pulse duration. We can see that for long pulse durations, the occupation probability is
high and approximately constant for detunings between 0.3 and 1.0 nm. The maximum occupation probability is approximately
0.85 less efficient than for resonant excitation. For shorter pulse durations the occupation probability is much more sensitive
to the detuning, and the maximum achievable efficiency is significantly lower.
We note that the critical parameter here is the ratio of the excitation pulse duration to the spontaneous emission lifetime of
the quantum dot. Therefore for a cavity with a lower Purcell factor, a longer excitation pulse is required to reach maximum
efficiency.
-0.5 0.0 0.5 1.0 1.5 2.00.0
0.2
0.4
0.6
0.8
1.0
FIG. S.1. Simulated occupation probability pQD numerically maximized over excitation power for a fixed Gaussian pulse
FWHM duration τ . For the simulation we assumed a quantum dot with a natural lifetime of 1/γ = 1 ns at 8 K coupled to a
cavity mode with a lifetime of 1/κ = 32 ps by the cavity coupling given by 1/g = 100 ps corresponding to a Purcell factor of
Fp = 12.8.
Single-Photon Purity
To investigate the single-photon purity when using phonon-assisted excitation, we measure the second-order autocorrelation,
g(2)(0), as a function of the excitation pulse duration. Here the detuning is ∆λ = 0.6 nm, and for each pulse duration the
excitation power was adjusted to maximise the single-photon emission. Figure S.2 shows that the g(2)(0) remains almost
constant for pulse durations up to about 15 ps, after which point it deteriorates at an increasing rate.
The increasing g(2)(0) for longer pulse durations indicates that there is an increasing probability of re-excitation. For a
pulse duration greater than 15 ps we can deduce that re-excitation is a significant cause of the non-zero g(2)(0). However, it is
not clear what limits the g(2)(0) to around 4% for shorter pulse durations although adding an etalon significantly reduces this
value.
FIG. S.2. Measured g(2)(0) as a function of pulse duration for LA-phonon-assisted excitation at a detuning of ∆λ = 0.6 nm.
9When an 10 pm bandwidth etalon is added to the set-up to provide additional spectral filtering of the collected photons, the
g(2)(0) improves significantly as shown in Figure S.3.
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FIG. S.3. Measured g(2)(0) (blue) and HOM interference (red) for LA-phonon-assisted excitation (upper) and resonant excita-
tion (lower), when a 10 pm etalon is added to the collection path.
Loss Budget
We measure the transmission of the optical components of our set-up using a continuous wave laser centered at the quantum
dot emission wavelength, 924.82 nm, and details are given in Table S.1. To measure the transmission of the window of the
cryostation and the objective lens, we measure the reflection of the beam off the flat diode surface of the sample, and assume
that the reflectivity of the surface is 100% in order to give an upper bound on the transmission of the optical elements. The light
passes through the cryostation window, the objective lens and two waveplates twice, and we give the single-pass transmission
of these combined elements in Table S.1.
The transmission of the filters is less than the maximum of 95% per filter, since we angle-tune the filters to fully suppress
the excitation laser. The filters were aligned here for an excitation laser with a detuning of ∆λ = 0.8 nm and a pulse duration
of τ = 20 ps. In order to calculate the first lens brightness at a different detuning or pulse duration, the filters are aligned to
suppress the laser and then the relative transmission efficiency is measured with respect to this known point.
The detector efficiency of the SNSPDs at a fixed bias current depends on the count rate because of the dead time of the
detectors [35]. We measured the detection efficiency using an attenuated laser pulse with a repetition rate of 81 MHz. The
detection efficiency for a low count rate of 500 kHz was found to be 75%. However, when the count rate increases to 6 MHz the
detection efficiency decreases to 69%, as shown in Figure S.4. We note that this may not be the optimal detection efficiency
for these parameters as we did not adjust the bias current.
The total efficiency of the set-up for a detuning of ∆λ = 0.8 nm, a pulse duration of τ = 20 ps, and a detected count rate of
Rdet = 6 MHz is η = 0.17± 0.01. The repetition rate of the laser RL = 81 MHz, and therefore this corresponds to a first lens
brightness of BFL = Rdet/(RL × η) = 0.44 for these parameters.
10
Input power (arb. units)
0 0.2 0.4 0.6 0.8 1
D
et
ec
te
d 
co
un
ts 
(M
Hz
)
0
1
2
3
4
5
6
7
8
SNSPDs measured counts vs input power
Measured counts
Linear dependance
Detected counts (MHz)
0 2 4 6 8
D
et
ec
to
r e
ffi
ci
en
cy
 (%
)
0.68
0.69
0.7
0.71
0.72
0.73
0.74
0.75
SNSPDs efficiency
FIG. S.4. Left: Detected counts on an SNSPD as a function of the input power. Right: Detection efficiency of SNSPD as a
function of the detected count rate.
Element Transmission
Cryostat Window + Objective Lens + QWP + HWP 0.80 ± 0.02
Beam splitter 0.92± 0.01
5 Mirrors 0.95± 0.01
Telescope 0.98± 0.01
2 Waveplates 0.95± 0.01
3 Bandpass filters 0.64± 0.02
Fibre coupling efficiency 0.60± 0.02
Detection efficiency (low count rate) 0.75± 0.03
Detection efficiency (6 MHz detected rate) 0.69± 0.03
TABLE S.1. Loss Budget. The transmission of optical elements in the set-up, and efficiency of the superconducting nanowire
detectors
